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ABSTRACT 
The loss of hand function after hand injury is common. 
t 
As a result, loss of grip force, sensation and dexterity will 
follow. In the past, studies in Hong Kong were concentrated on 
the medico-social aspect of hand injury. A relationship between 
the impairment of hand function and the anatomical deficit was 
difficult to be established. There is also lack of information in 
the change of hand function after return. This information will 
be very useful to steer our planning of rehabilitation programmes 
in particular vocational training and work counseling services. 
We developed a sensitive and reproducible hand 
function assessment protocol. This protocol consisted of grip 
force study, sensation testing and functional assessment. The 
procedures of all tests were carefully standardised. The same 
tests were at approximately one year ‘ s time after the patient was 
discharged. A degree of permanent loss of earning capacity was 
also assigned according to the official rating scale of the loss 
of earning capacity used locally in Hong Kong. This is compared 
with the USA and India rating scales on the loss of earning 
capacity. 82 healthy workers with no previous injury underwent 
工 
the same assessment system and their performance results served 
as the control for this study. 28 consecutive patients were 
included in this study over 12 months. They were all male adults 
t 
and had finger amputation(s) in their dominant right hands. 
The result showed that there was significant impairment 
in hand function for all the subjects. 22 patients were assessed 
again 1 year after discharge and did not show any significant 
change in hand function with time. No difference was found in 
terms of loss of earning capacity when the Hong Kong, USA ( 
American Medical Association ) and Indian were compared. 
Further in-depth analysis was achieved when the patients 
was categorised by their severity of injury. For injuries with 
more than 12% ‘ the “ major group ", there was more severe 
impairment in hand function as compared to those below 12%, the 
minor group. 
Patients in the major group were more impaired in their 
hand function. There is some definite relationship between 
physical loss and residual hand function. Similarity in the 
degree of loss of earning capacity rated by different schemes 
gave further support to this observation. 
II 
We recommend 12 % loss of earning capacity ( Hong Kong 
scale ) as a simple and reliable cut off point for screening out 
hand injuries which are liable to have more problems in 
t 
rehabilitation. 
The continual improvement in hand function for the 
more severely injured patients after return to work suggested 
that a long period of rehabilitation was necessary for them. 
Early discharge however is important for the patients since they 
can practise in normal work environment. The incorporation of 
vocational training and work hardening programme should not be 
overlooked. 
The assessment protocol in this project was specially 
adapted for finger amputations. A similar approach of assessment 
could be developed for other specific groups of hand injury. 
Ill 
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Hand injury during work, i.e. occupational hand injury, 
is a common condition all over the world. Hong Kong, being a 
modern city of great industrial concentration, cannot escape from 
the same problem. In fact she is a good place for the study of 
occupational hand injury since there is a large worker 
population which is prone to accidents at work. The situation of 
occupational hand injuries in Hong Kong a decade ago was rather 
poor as it constituted 50% of all the industrial injuries in Hong 
Kong. ( Leung 1978 ) However, 16% of the injured could not find 
a suitable job after injury. The recent situation in Hong Kong is 
much better as the admission rate of occupational hand injury has 
come down dramatically. But there are problems still unsolved. 
The rehabilitation programme usually starts from the 
time of surgical management and lasts till the patient returns to 
work. Accurate assessment of impairment of the injured hand is 
of utmost importance in guiding surgical correction and in the 
formulation of rehabilitation programme. In addition, it provides 
a reference for continual assessment of the effectiveness of 
different treatment methods. 
On top of that, the most important thing in hand 
assessment is that it should provide all the essential data from 
2 
which the substantive working potential can be evaluated. It is 
imperative that the residual hand function should be adequately 
assessed so that the patient could be directed into a suitable 
t 
alternative occupation if necessary, to become better employed 
and perhaps to have better psychologically well being. These 
problems are not extensively studied before in Hong Kong and this 
adds to the meaning and significance of this project. 
It is clear that there is yet no best hand function and 
impairment assessment protocol for worker compensation and 
official evaluation schemes of loss of earning capacity to 
reference with. It is obvious that this area requires further 
study. It is important to compare the different schemes of 
evaluation of loss of earning capacity. We believe the best hand 
function assessment protocol should meet these criteria : 
reproducibility, reliability and simplicity, being simple to 
perform day to day by different medical practitioners. On the 
other hand this hand function assessment protocol should also be 
comprehensive to provide sufficient data for rehabilitation and 
compensation purposes. Up to now there are very few studies on 
the change in hand function after return to work. A longitudinal 
study is required to provide the necessary information to answer 
this question. 
3 
1.2 Questions Addressed 
1 ) The relationship between physical and functional 
impairment in the whole assessment of hand function after injury. 
2 ) The change in hand function with time after return to 
work. 
3 ) The difference in residual hand function between the more 
severely injured and simple hand injuries. 
4 ) The predictive value of the official Hong Kong Workers‘ 
Compensation Scheme - an anatomical assessment - on hand 
functional impairment. 
1.3 : Definition 
IMPAIRMENT 
This is a purely medical condition with physical and 
functional abnormality or loss. "Permanent Impairment “ describes 
a stable and non-progressive state of an abnormality or physical 
defect at the time of evaluation which is done after maximal 
rehabilitation. It is determined by the nature and extent of the 
abnormality or defect which affects different patient's self 
care, posture, ambulation and non-specialized hand activities. 
4 
ANATOMICAL ASSESSMENT 
To assessing working capacity, Kessler ( 1970 ) and Swanson 
(1983 ) regarded that a pure anatomical loss is reflective of 
t 
loss of working capacity. They employed the level of amputation 
and extent of ankylosis as the sole factors in their systems and 
the collective term "anatomical assessment “ is referred to their 
systems. 
FUNCTIONAL ASSESSMENT 
Hand as an organ performs various functional tasks. Fess ( 
1979 ) and Baxter ( 1984 ) developed their assessments of hand 
functions which emphasised on the evaluation of its ability to 
perform standard sets of functional tasks. Therefore strength, 
sensation, span, and dexterity are regarded as factors to be 
considered in functional assessment. 
5 
CHAPTER 2 LITERATURAL REVIEW 
-DEVELOPMENT OF HAND FUNCTIONAL TESTS 
2•1 Introduction 
t 
2.2 Trends of studies of hand injury in Hong Kong 
2.3 Previous studies to compare and relate physical 




Accurate assessment on the performance of the impaired 
hand is of paramount importance. It provides initial data upon 
which individual treatment plan can be formulated and accorded 
priority. The functional status of the patient after hand injury 
should be established through a thorough assessment so that it 
will help to facilitate workmen compensation and return patients 
to work. 
The ability of a patient to use his hands effectively 
in everyday activity is dependent upon anatomical integrity, age, 
sex, mental status and the severity of injury. For this reason 
hand assessment has long been a controversial and confusing 
topic. 
2-2 Trends of Studies of Hand Injury in Hong Kong 
The situation of occupational hand injuries in Hong 
Kong a decade ago was rather poor as it constituted 50% of all 
the industrial injuries in Hong Kong. ( Leung 1978 ) Professor 
*， 
P-C- Leung's study in the 1970s was on the profound medico-
social implication after occupational hand injuries in Hong Kong. 
In his study, 82.7% of the patients required a scheduled physical 
rehabilitation lasting from less than a week to more than half 
a year. 16% of the injured could not find a suitable job after 
injury. Another retrospective study of 383 cases of severe 
7 
occupational hand injury was carried in Hong Kong. ( Ong 1982 ) 
The causative factors led to occupational hand injury were 
identified. Victims with inadequacy in training and safety 
devices were found to be more liable to hand injury. Also among 
these victims, the male sex was predominant with over 50% of the 
total injuries. However, poor machine design, adverse work 
environment and personal risk factors were associated with small 
proportions of occupational injury. 
Therefore, both of the studies emphasised on finding 
out the causative factors of occupational hand injury and the 
medical social impact. However, the data of the change of hand 
function after injury is still lacking. Yet there is no study run 
locally on the change of hand function after hand injury and the 
relationship between the physical loss and functional impairment 
is still lacking. 
2.3 Previous studies to compare and relate physical and 
functional impairment 
Mcbride (1963) proposed the Average Rating Test of 
Impairment which was regarded as a method close to the truth. 
According to Mcbride, both the physical impairment such as the 
anatomical and physiological tissue damage, strength endurance as 
well as social deformities and functional loss like restrictions 
8 
on work restoration were included. He proposed that medical 
decision should be based on measurable factors in order to reduce 
non-medical errors. Therefore although based on anatomical 
assessment, his assessment included some functional parameters as 
long as they were measurable. 
Carroll (1965) attempted to determine the functions of 
the upper extremity being impaired by injury or disease and how 
these functions change with advancing disease or surgery or other 
treatment. He stated that measurement of individual muscle and 
joint range of motion could only provide a partial glimpse of a 
patient is ability to use the hands. Carroll defined several upper 
extremity functions - grasp, grip, pinch, arm extension, 
supination, pronation, forward flexion and shoulder abduction -
but did not measure any of these activities in isolation because 
he sought to measure the total function of the upper extremity. 
Employment of this test requires fabrication of a special wooden 
apparatus. The 33 sub-tests consists of moving objects to a 
shelf, placing objects over a peg, and writing etc. Though test-
retest reliability was high as reported by Carroll, there was no 
further documentation on the statistical analysis and the 
functional value of the test to monitor progress of hand function 
serially. 
9 
Jebsen et al. (1969) published the Hand Function Test. 
They stressed that hand function was not an isolated function but 
dependent upon the proximal portion of the upper extremity to 
t ^ 
position the hand. With this in mind they developed the test to 
measure hand function through a series of seven subtests that 
represent a broad range of tasks : feeding, writing, turning 
pages, and moving large and small objects. Scores were based on 
the number of seconds required to complete each task. After 
testing 360 adults ranging in age from 20 to 94 years, the 
result showed that scores differed with sex and that the time 
needed to complete each subtest increased with age. 
With the loss of function as the basis of his disability 
assessment, Kessler ( 1970 ) believed that units could be given 
to each of the following components including motion, strength, 
sensation and coordination for the upper limb, such that a 
rational, equable value could be obtained. Age and 
socioeconomical factors were not considered since he thought that 
these would be inherently corrected by the degree of functional 
impairment. 
Litchman ( 1974 ) described a new method of measurement 
to determine finger motion impairment. This method is a linear 
measurement of finger motion , which is related to an impairment 
value by a simple conversion table. Besides assessing motion, 
10 
other parameters in his evaluation system include : 
1) structural or anatomical loss, 
2) loss of sensation, 
t 
3) loss of strength, 
4) loss of synergistic activity. 
Although Litchman did not state clearly how each 
elements are rated and related to functional impairment, he 
proposed that the total functional loss could be more than the 
values assigned to the missing anatomical part. This criterion 
had limited evaluations to anatomical considerations only. 
The purpose of the Smith Hand Function Test ( Smith 
1973) was to provide objective indications of a patient1s 
progress, to determine the efficacy of treatment and to establish 
hand function norms according to age, sex, and dominance. Smith 
developed 13 subtests to provide measurements in grip strength 
and unilateral-bilateral hand dexterity, unilateral 
grip/release, activities of daily living, writing sample and grip 
strength. However, Smith claimed that using this test as a 
predictor of performance of activities of daily living would be 
inappropriate because it does not cover the whole upper 
extremity. The result obtained from 9 1 normal subjects 
established a standardized baseline for comparison giving the 
mean and standard deviation, and the range for males and females. 
11 
SWanSOn e t a l ( 1978,1983, 1987 ) discussed at length 
on his anatomical assessment. The evaluation considered the level 
of amputation and the extent of ankylosis and the impairment was 
worked through comparison of the functional loss with that 
resulting from amputation. In addition to the loss of motion, 
deficits noted in the sensory evaluation and manual muscle test 
were included to provide equivalent anatomical deficit value for 
hand impairment. The overall functional impairment of the whole 
p e r s o n was calculated by comparing the hand part to the whole 
body. 
Hand function reflected the integration of all systems 
and COUld be measured i n terms of grip, pinch, coordination and 
dexterity. The assessment of functional impairment after hand 
injury was well developed in the 1980s'. Baxter,P.L. ( 1984 ) , 
considering the hand as an organ to perform various tasks, 
expanded the functional assessment to a detailed evaluation 
system ： the Physical Capacity Evaluation. This evaluation 
system compiles of three components : 
1) the hand functional assessment, 
2) tasks oriented assessment by standardized 
tests, 
3) work assessment. 
12 
The most important part in his assessment scheme was 
the inclusion of work evaluation. Patient's ability to return to 
work was being examined by a series of work analysis and work 
demand assessment. With the aid of a work simulator, hand 
function in performing various work tasks could be assessed more 
objectively. Fess et al (1987 ), after reviewing the past 
history of the development of evaluation of impairment, proposed 
a new evaluation system of impairment of upper extremity which 
includes both anatomical and functional evaluation. The 
anatomical part was very similar to the system proposed by the 
American Medical Association. On the other hand, the functional 
part was well designed in that it included coordination, 
dexterity, work tolerance and vocational tasks assessment. 
2.4 Conclusion 
According to Russell ( 1981 ) and Yalen ( 1986 ), 
musculoskeletal impairment is a poor predictor of whether • work 
disability would result or not. It is clear that somethings other 
than musculoskeletal assessment was required. Before going to 
the far end of Russell and Yalenideas, a better understanding 
and re-configuration of the tests used are needed. It is obvious 
that assessment of hand function is not just a simple job as to 
test the ” hand ” alone. The importance of the whole upper limb 
13 
evaluation and functional assessment in order to establish the 
eXten t of disability of the patient has been stressed for years. 
Furthermore, the correlation between physical and functional 
t 
assessment is not known. A comprehensive test battery and data-
base of hand function are still lacking. 
It is thus easy to understand that the first thing required 
is to develop out a simple but comprehensive hand functional 
assessment protocol. The assessment should be simple enough to 
apply, not time consuming, with small numbers of sub-tests, and 
must be objective and reproducible. The test should also suit 
busy departments like those in Hong Kong. In this chapter we can 
see that a lot of writers have proposed their own systems. There 
is no comparative study so far to test which one is more 
reliable. As a matter of fact, anatomical assessment is simple 
and straight forward simply by measuring the level of amputation 
and the extent of ankylosis of individual joints. However, 
functional assessments are varied and included a wide range of 
tests from simple ones for grip and grasp to highly sophisticated 
ones like the Veplar Work Sample series and Work Simulator. 
Balancing the two sides, the optimal assessment should emphasize 
both anatomical assessment and functional assessment and select 
the important parameters of each systems to formulate a better, 
closer to the comprehensive ideal assessment system. 
14 
CHAPTER 3 FUNCTIONAL ASSESSMENT 
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3•1 : Introduction 
A thorough and unbiased assessment procedure furnished 
information that assisted in predicting the patient's ability to 
t 一 
once again meet the challenges of daily life. Essential to 
determining the limits of impairment, objective measurements 
provided a concrete foundation for evaluating upper extremity 
disability and defining functional capability when rehabilitative 
efforts culminate. 
At present, many determinations were made to ascertain the 
anatomic effect they have on the person. It was obvious that the 
key to function of the upper extremity was the functional use of 
the hand. Since there were a number of factors determining the 
degree of functional impairment of the entire upper extremity, 
it was necessary to use a combination of conventional physical 
assessment and task oriented tests. 
In order to do a complete assessment of hand 
impairment, the whole spectrum of hand performance and condition 
should be assessed which included physical status, motion, 
sensation, strength, functional tests like screwing and 
coordination test. All these factors were interrelated. It was 
not possible to isolate the effect of one from the others. 
However, in actual testing, what we wanted was the result of 
individual test so that the data could serve as comparison 
16 
purpose and evaluation of hand function in the long run. 
3.2 Functional Anatomy 
t 
The hand, giving the upper limb its importance, is located 
at the extremity of the upper limb. It is both an organ designed 
for the execution, doing all kinds of acts and the expression 
of ideas. 
Previously, hand anatomy is being seen as a static and 
straight forward subject. But with new concept and better 
analysis of architecture and function of hand, it comes with the 
dynamic and functional anatomy of hand. 
Hand Dynamic 
From the full flexion , the finger is extended by the 
extrinsic muscles through the sagittal band on Metacarpo-
phalangeal (MCP ) joint and together with the intrinsic muscle 
with insertion on the dorsal tubercle on the proximal phalanx at 
the Proximal Inter-Phalangeal joint ( PIP ). with the resistance 
by oblique retinaculum ligament, the extrinsic and intrinsic 
muscles extension force is then transmitted to the Distal Inter-
Phalangeal joint ( DIP )• The extension is checked at PIP and 
DIP joints at around 180, and the extrinsic extension force is 
transmitted to the MCP joint level to further extend the 
straightened finger, giving the final 10-20 degree of 
17 
hyperextension of MCP. 
The Flexor Digitorum Profundus ( FDP ) passes through the 
DIP, PIP, and MCP joints of the fingers. It is true that FDP can 
flex any of these joints provided that there is a dynamic 
fixation on the other joints. Therefore the fixation on the DIP 
joint converts the profundus into a functional superficialis and 
flexes the PIP joint. 
For the FDP of the third, forth and fifth digits, they work 
from a common muscle belly. With such design, firstly, they fit 
the architectural concept of the hand as a stable device for 
grasping as they flex the DIP strongly together. Secondly the FDP 
on Index is freed from the other three fingers and it is designed 
for the motion of pinching and for giving fine manipulation with 
the pincer grip. 
The lumbrical muscles harmonize the function of the 
extensor mechanism and the FDP. They, with the moving sits of 
origin from the profundus tendon are innervated by the same nerve 
of the corresponding profundus. The effect of flexion of the MCP 
by lumbricals is improved, as the flexor contracted bring the 
origin the more proximal. 
In order to control two joints of a chain, there are at 
least three muscles required to counteract each other. For the 
18 
proximal phalanx, the movement is controlled by two extrinsic 
muscles and the oblique structures, the lumbricals and the 
interofesei. The middle phalanx, though without a third muscle 
group , gets the oblique retinaculum ligament. Both the oblique 
structures of the MCP, PIP are running from palmar proximal to 
dorsal distal direction. Therefore, the tension of the oblique 
structure is generated by either the extension of the proximal 
joint or the flexion of the distal one. Then the contraction of 
the long flexors and extensors will trigger the movement of that 
particular joint. The force is then transmitted through the 
oblique structure to stabilize the digital chain and determine 
the sequence of flexion of the digital chain. 
The thumb gets its own muscles for different actions. In 
addition to the long extensor and flexor, the thenar muscle group 
gives the thumb a strong and powerful grasping by mean of 
opposition. The abductor, flexor and extensor of thumb produces 
the action in varies direction and the combination of the above 
muscle groups produces the circumduction of the thumb. 
Length of digit 
The length of the metacarpals varied, with the thumb being 
the shortest, longest in Index finger and the other decreasing 
from third to fifth digit. However their relative length vary 
f # 4中A大 f m t 馆 藏 农 
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with movement in such a manner that the pulp of each finger can 
reach the pulp of thumb for pinching or to the root of the thumb 
for power grasp with different angulation of MCP, P I P and D I P 
f 
joints. 
In the close fist position, the MCP, PIP and DIP joints are 
in full flexion. The lengths of metacarpal bones and phalanges in 
each digits are designed that in the close fist position, the 
longer proximal bone encloses the shorter distal one inside. It 
resembles the shape of those biological spiral, for example, 
snail shells which are governed by the formula of equiangle. In 
close investigation, the length of metacarpals and phalanges are 
in the same numerical series of Bibonacci. 
3.3 Grip force study 
The objective assessment of hand strength was a crucial 
area of study considering the amazing capacity of the human hand 
and the degree of disability. Grip force was defined as the 
force generated by various hand grips and pinches. In our daily 
activities, grip can be classified as follow : power grasp, 
diagonal grasp, transverse grasp, hook grip, tripod pinch, pulp 
pinch, tip pinch and lateral pinch. ( Jacobson 1976, Jain 1985 ) 
In order to cover the whole spectrum of hand grasp and to take 
both the strength and prehension into consideration, the grips 
being tested in this study were power grasp, tripod pinch and 
20 
pulp pinch. This combination enabled us to assess both the grip 
force generated by the hand as a whole and the lateral three 
fingers as a functional unit in fine manipulation. 
Hand dominance 
Grasp and pinch measurements with the Jamar dynamometer 
and B & L pinch meter had been compared by Swanson et al ( 1970 
)• The use of the Jamar dynamometer and Kobe pinch meter to 
record the strength of power grip, tripod pinch, pulp pinch and 
lateral pinch in 100 subjects were studied. It was found that 
there was no significant difference in power grasp, tripod grip 
and lateral pinch between dominant and non-dominant hands. This 
result was supported by 0. Reikeras ( 1983 ) stating that there 
was no significant difference between dominant and non-dominant 
hand in power grip, pinch force and key pinch force. 
Age and sex 
Kellor et al (1971) studied the grip and pinch strength of 
250 men and women in three age groups : 10-39, 40-59, and over 60 
using the Jamar and Kobe pinch meter. The investigators found 
there to be sex and age differences in the performance of hand 
grip. 
Type of grip 
Walker et al. (1978 ) developed a new system basing on 
21 
strain gauge technology to measure pulp pinch, lateral pinch , 
tripod pinch, key pinch , extension strength and radial and ulnar 
forces; They collected normative data from 145 volunteers and 
established that key pinch is the strongest followed by tripod, 
lateral pinch and then pulp pinch. An, Choa and Askew (198 0) and 
An, Choa, and Cooney, (1983) also used strain gauged instruments 
to collect normative data from 124 subjects and similarly found 
that key pinch to be the strongest followed by chuck , lateral 
and pulp pinch. Moreover they found power grasp to have a mean 
strength of 40 kg ( SD=9) for males. These values were greater 
than those found by Walker et al. (1978 ) but less than those 
found by Swanson and deGroot (1970)• 
Wrist position and diameter of handle 
In addition to pure strength measurement, wrist 
position was also affecting the maximum power grip force. Pryce 
(1979) found that power grip force to be highest when the wrist 
was at 15 degree extension and 15 degree ulnar deviation , 
compared with the wrist positions in neutral, flexion or radial 
deviation. Also the diameter of the handle was affecting the 
isometric exercise performance. Mathiowetz et al. (1985) advanced 
normative grip and pinch data by establishing a standardized 
position for testing and investigating the reliability of the 
Jamar dynamometer and B & L pinch gauge. He found out that most 
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of the subjects gave their greatest strength in power grasp or 
tripod grip at wrist 45 degree flexed with elbow 90 degree 
flexion. Petrofsky (1980) found that for each individual, there 
existed one optimal hand grip size, for greatest isometric 
strength. He showed that with diameter of handle at a distance of 
4cm-6cinf most of the subjects produced their maximum voluntary 
strength. 
3.4 Sensation 
Relying on neural continuity, impulse transmission, 
receptor acuity and cortical perception, assessment of 
sensibility might be divided into five categories (Blair 1987): 
1) sympathetic response - Testing the cutaneous nerves which 
have motor components that innervate sweat glands and control 
dilation and constriction of vessels. 
2) detection - Testing on protective sensibility includes 
the ability to previous deep pressure, sharp stimuli and extreme 
temperature difference. 
3) discrimination - Testing on discriminative 
sensibility which was defined as the capacity for precise 
interpretation of sensation. 
4) quantification - Testing on the ability of organizing 
23 
tactile stimuli into gradient, such as roughness, irregular 
surface, and smoothness. However, there was no standardized test 
currently available yet. 
t 
5) recognition - The final and most complicated 
sensibility level which was testing the patient»s ability to 
identify objects, items or shapes to indicate his functional 
sensibility. 
Discrimination test - two point discrimination test 
In the assessment of hand performance an accurate 
determination of sensory perception was extremely important. 
Weber ( 1835 ) designed the two point discrimination test and was 
considered as one of the most practical, objective tests. The 
test was easily applied even with an unfolded paper clip. The 
distance between the two points was varied with ful l 
documentation of normative figure. 
Moberg ( 1958 ) in his study on Weber's two point 
discrimination found that there was good correlation between two 
point discrimination and his Pick-up Test. His finding showed 
that patients whose two point discrimination less than 15 mm got 
precise sensory grip and performed well in pickup test. other 
studies support Moberg1 s result. Flynn ( 1962 ) and Omer ( 1974 ) 
showed similar correlation with Mobergfs studies. They found 
24 
that the pick up test was normal when patients got two point 
discrimination between 7-15 mm. However Ewans and Krag ( 1 9 7 5 ) 
noted that patients had the ability to perform pick up test yet 
t 
had poor two point discrimination result. Wynn-Parry ( 1966 ) 
and Salter (1976 ) stated that there was no direct relationship 
between two point discrimination and other sensory function 
tests. They claimed that patient with 10 mm or greater got 
excellent result in recognition test and texture identification 
test. 
Weber1s two point discrimination was further developed 
to moving two point discrimination ( moving 2pd ) by Dellon ( 
1980 ) • The test was performed with the same instrument by 
moving it along the surface from proximal to distal. This moving 
test evaluated the innervation density of quickly adapting fiber 
/ receptor system of the group A beta. Moving 2pd returns prior 
to static 2pd as suggested by Dellon ( 1980 )• The moving 2pd 
was validated as a test of tactile gnosis by correlating its 
result with hand function. Studies by Dellon ( 1980 ) showed that 
patient got Weber•s 2 pd greater than 15 mm but moving 2 pd was 
less than 7 mm. Also, patients could recognise smaller and more 
closely related objects in lesser time with moving 2 pd less than 
6 mm. Though studies from Dellon showed that moving 2 pd gave 
better functional correlation and was more predictive to the 
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n e r v e reCOVery' t h e r e 冊 3 s t i l l insufficient studies to support 
his finding. The reliability of this test was still debatable. 
Detection test 
Besides discrimination test, detection is another 
important area in sensory assessment. It requires the patient to 
discern a single point stimulus from normally occurring 
atmospheric background. Based on von Frey's work in the late 
1800s, the Semines and Weinstein calibrated monofilaments consist 
of 20 nylon monofilaments that are graded in diameter and the 
amOUnt of f o r c e transmitted by each monofilament is directly 
related to its diameter. 
Through repeated testing, the use of the Weinstein-
Semities monofilament was found to be extremely accurate in 
measuring cutaneous sensitivity. (Bell.1978) Experts and 
surgeons like Wynn-Parry agreed that the original Von Frey 
technique and the subsequent refinement by Semmes and Weinstein 
was one of the most accurate method of testing touch (Wynn-Parry, 
1958). 
3.5 Functional assessment 
Standardized tests that measure upper extremity 
dexterity and coordination were available in several levels of 
difficulty. The Jebsen et al.( 1969 ) h a n d - f u n c t i o n test was 
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consisted of seven subtests ranging from simple writing test to 
pick up large, heavy objects. This test required the least 
amount of extremity coordination and was inexpensive to assemble, 
t 
and easy to administer 
Another example of standardized test that measured 
gross coordination and dexterity was the Minnesota Rate of 
Manipulation Test. Finer coordination was tested by Purdue 
pegboard and Tiffen (1948 ) after studied several hundred 
subjects gave a full detail of the normative figure for 
comparison. The 01 Conner Dexterity Test is a timed activity that 
measures fine eye-hand coordination. The use of forceps for 
prehension places this evaluation in a compound and adaptive 
skill category level. The screw turning test has had little 
report on its significance in hand functional evaluation. The 
reason of including this test in this study is that screw turning 
is a common work procedure in real work situation according to 
the Dictionary of Work Title. In fact this was a work task 
involving fast and fine manipulation of the thumb and index 
finger. Good coordination was required in doing repetitive 
movement and any sensation loss or finger pulp loss would affect 
the speed of performing the test. It is therefore a good test in 
dexterity assessment. Utilization of these three standardized 
tests allowed assessment of a wide range of hand coordination. 
27 
3.6 Conclusion 
With these references in mind, we developed our own 
assessment system. The assessment system included strength study 
• sensation study with the use of two point discrimination test 
and Weinstein-Semmes Monofilaments test, functional and 
coordination test like screw turning test and 0丨Connor test. The 
testing procedures, patient's position and the environment were 
all carefully standardized. The data provided by these tests in 
the assessment system would help in the investigation of the 
functional ability of the patients and the better understanding 
of the anatomical evaluation. 
28 
CHAPTER 4 METHODOLOGY 
4.1 Subject selection 
‘ 4.2 Organization 
4.3 Physical assessment 
4.4 Functional assessment 
4.5 Evaluation of loss of earning 
capacity 
4•6 Control group 
4.7 Statistical analysis 
29 
d Subjects selection 
Patients who suffered from finger amputation during work 
were included. The severity of injury was greater or equal to 
score 10 according to Strickland 's Evaluation System 
(Strickland 1982 )• ( appendix 1 ) All of them were admitted 
immediately after the injury and a full course of rehabilitation 
program completed under the monitoring of Hand Surgeon and Hand 
Therapist. All patients were male and had their dominant hand 
injured. For homogeneity in analysis, all the patients were right 
hand dominant. 
The definition of a dominant hand was, when more than half of 
the following activities were performed with that hand : 
1) writing 
2) opening water tap 
3) brushing teeth 
4) using chopsticks 
5) screw turning with fingers 
6) screw turning with screw driver 
7) using spanner 
8) playing racket sports 
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4.2 Organisation 
The time of the first interview and assessment was 
performed right upon completion of the rehabilitation programme. 
t 
The assessment of each patient was done in the Physiotherapy 
Department in Prince of Wales Hospital. A follow up assessment 
was carried out after patients returned to work for at least six 
months. The subjects were either assessed at home or at the 
Physiotherapy Department again. All procedures were carried out 
in a standard way. When the assessment was carried out at home 
the environment was kept quiet so that the result would not be 
affected by the change of the environment. 
4.3 Physical assessment 
The following parameters were measured : 
range of motion 




sensation -- two point discrimination (2-pd) 





Position of patient 
The subject was seated upright and rested on a straight 
back chair with the feet flat on the floor. The subjectfs forearm 
t 
was positioned on a table with the shoulders even. The wrist was 
kept in 3 0 degree extension and neutral deviation for strength 
assessment. For other tests the forearms were rested on the table 
freely and comfortably. The subject was reminded of the 
importance of his cooperation during the assessment. 
Range of motion ( R.o.M.) 
R.O.M. is the arc of motion described by the finger 
joint. During the assessment, all the other joints remained 
stationary while the joint under test was moved. The range was 
measured by a goniometer. The arms of the goniometer were placed 
on the longitudinal axis of the bones on both sides of the joint. 
Total Active Movement ( TAM ) was calculated as the total flexion 
range subtracting any extension lags. 
Grip force 
The grip force was measured by the Preston 
Dynamometer. The unit is in kilogram force. All the subjects 
were allowed to have three trials with 30 seconds intervals and 
the average of the three trials was taken as the final score. 
a) Power grasp is performed by flexion of all fingers at all 
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joints to grasp any object between fingers and palm. Force of 
the power grasp was measured with the Preston dynamometer with a 
handle span of 2 1/2". 
t 
b) Pulp pinch is pinching between the index and thumb. It is a 
precision pinch in daily activities. If the index was too short 
or stiff due to the injury then the middle finger was taken in 
performing this test. The pulp pinch was measured by the Preston 
finger dynamometer. The result was taken from the average of 
three trails. 
c) Tripod pinch is pinching performed by the Thumb, Index and 
Middle finger. If any of the index or middle finger is lost or 
could not perform the proper tripod pinch, the ring finger would 
take its place. Therefore the functional use of the tripod pinch 
was being tested. 
d) Stump pinching is performed to assess the loss in the 
pinching force after amputation. It is pinching between the 
amputation stump and the thumb. The Preston finger dynamometer 
was used. 
Test of Sensation 
Two aspects were assessed in sensation assessment: 
the detection and the discrimination sensibility of the stump. 
The tests used were two point discrimination test ( 2pd ) and the 
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Weinstein-se^es monofilament test ( w-s ) . These tests assessed 
pressure sensation and discrimination ability. The tip of the 
stump 卵 s tested. The position of the patients was similar to the 
grip force study except that the forearm was supinated and the 
stimp being tested was rested on putty to decrease any movement 
during the test. All the tests were performed by one examiner. 
a) 2PD — The t e s t i s Performed by the use of the sensiometer. 
The pressure was kept as constant as possible during the test. 
The test was repeated a few time including sham ones to ensure 
reliability of the results. 
b) W-S test -- this is performed similarly. 
Assessment of pain 
It was assessed by a 10-point pain scale employing a 
visual analog of a 10 centimeters line. Although it is not a 
suitable test to compare between patients, it is satisfactory in 
monitoring an individual's activities and the response to 
treatment. ( Lipton 1979 )• The patient was asked to indicate 
the pain level by marking on a straight line of 10 centimeter 
long. The end on the left hand side of the straight line was 
marked ” no pain at all experienced in all daily activities" and 
on right end “ pain was so severe that it was unbearable." 
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Instability of joint 
It is any excessive accessory movement in rotation or valgus 
and varus stress which would affect grasping or functional 
t 
tasks. Any sign of excessive accessory movement found in the 
fingers, whether it was the amputated finger or not, was regarded 
as positive. 
Scarring 
It was any excessive scarring after the injury which 
hinders pinching or grasping. Any hypertrophic scar, neuroma or 
excessive scarring was all counted as positive. 
4.4 Functional assessment 
The 01 Connor test and screw turning test were used in 
the functional assessment. 
a) The screw turning test -- A equipment was specially designed 
for this test. There was a screw connected to a shaft with 
fixed weights to provide a constant resistance. Patients were 
asked to turn ten turns as fast as they could. The time and the 
number of turns was automatically monitored by inbuilt 
electronic devices. Patients were asked to repeat three times and 
the average was taken. The thumb and the most radially 
functional finger were tested. 
b) The 01 Connor test -- It is a commercially available hand 
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dexterity assessment kid. It has been used successfully as a 
predictor of performance in jobs which require whenever rapid 
manipulation of objects, especially the picking up and placing of 
small parts. A full spectrum of normative figures is available 
with the kid. The subjects were asked to put three pins into each 
hole. After practicing for 10 holes in the f irst row. The 
subjects were then asked to perform the whole test. The time was 
taken with a stop watch. The time for the first fifty holes and 
the second fifty holes were recorded separately and the score was 
calculated according to a special formula and read form a table. 
4.5 Assessment of loss of earning capacity - Official rating 
systems in Occupation Hand Injury 
The official rating systems from several countries for the 
assessment of the percentage lost of earning capacity were 
compared : 
a) United States ( US ) 
b) Hong Kong ( HK ) 
c) India 
Charts for the assessment of the loss of earning capacity of each 
country were filled ( table 4.1, 4.2, 4.3 ). . For the HK and 
US rating systems, data could be directly transferred from the 
tests. For the Indian rating system since part of the assessment 
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was based on functional assessment and therefore separate tests 




Evaluation of the loss of earning 
capacity - Hong Kong scale 
f't 
EVALUATION OF THE LOSS OF EARNING CAPACITY - HONG KONG 
SCALE. 
FIRST SCHEDULER) [,.9.) Pcrcauagt 
/ 請 
liem Injury capaciiv 
• rarmng . ' • 
cupocity puuiunx 5 
I Los of two limbs ^ guilnliic umpulaion of up wihou! loss of bone 2 
2. Loss of bolH«hands or of all fingers and both thumbs 24 Ankylosis of-
, 1 r^., dislal inlcrphuljngcal joint of (lie middle finger 2 
3. Loss 01 bplh.rcci . . . . , .- , . 
. proximal inlcrplulangcal joiiu of ihc middle finger 2 
4. Total loss of sight |0Q mciacarpophalangcal joint of the middle finger 3 
5. Total paralysis all ihcse 3 joints of ihc middle linger 7 
6. Injuries resulting in being permanently bedridden 25. Loss of ring finger— 
7. Paraplegia »hrcc phalanges g 
8. Any oihcr injury causing pcnnancnl total disablement , w 0 P',a'anStfS 6 
9. Loss of arm.l shoulder 75 one phalanx .. ... , . 4 
guillotine amputaiion of tip without loss of bone 2 
10. Ankylosis of shoulder joint一 . . . . . . , 
. . 26. Ankylosis of— 
in optimum position 35 .., .. . r . . 
in worn position 55 d.sial intcrphalangcal jo.nt of nng finger I 
• • , • proximal intcrphalangcal joint of ring finger 2 
11. Loss of irm between elbow ,nd shoulder 70 metacarpophalangeal joint of ring finger 2 
12> Loss or»rm at elbow 65 all these 3 joints of ihe ring finger 5 
13. Ankylosis of the elbow joint一 27. Loss or little Trngcr— 
in optimum position 30 ihrcc phalanges 7 
in worst position 50 two phalanges 5 
14. Loss ofarm between wrist and dbow 60 one phalanx 4 
15. Loss of band si wrist 60 guilloiinc amputaiion of tip wiihoui loss of bone 2 
16. Ankyl<»u of wns( joint— 28- Ankylosis of— 
in opUmum position 30 distal intcrphalangcal joint of Utile finger I 
in wont position 40 proximal intcrphalangcal joint oflitllc finficr I 
17 Los) offour fmscn «nd thumb of onehand VI mctacar^ phalangc,! joint ofliulc finger ^ 
¢, . . . al! these 3 jomis of ihc Imlc finger 4 
18. Loss of four lingers of one hand Loss of mctaca Is— 
19. Lo« of Jhumb- first (additional) 8 
bolh ph«Iange$ 30 sccond. third, fourth or fifth (additional) 3 
one ptuusnx ••• ••• ••參•«• «•• ••• ••• • • • 參 2 0 m » ^ • • • _ _ 
guillotine loss of Up without loss of bone 8 瓜 LoSS °f ,Cg 81 h,p 80 
20 Ankylous of— Loss of leg at or above knee 70 
interphaUngeal joint of the thumb 4 32. Ankylosis of hip joint— 
meUcarpophalangcal joint of Ihe ihumb 8 in optimum position 35 
«11 these 2 joints of the thumb 12 in worst position ... 50 
21. Loss of index finger一 33. Loss of leg below knee 50 
three phalanges 14 34. Ankylosis of knee joint-
two phalanges . 10 in optimum position 25 
one phalanx • 7 in worst position 35 
guilloUnc impuution of Up without loss of bone 4 35. Loss of foot 40 
22. Ankylosis of— 36. Ankylosis of ankle joint— 
dUul inlcrphalangea! joint of the index finger 2 in optimum position 15 
proxinul intcrph»lange»l joint of the index finger 3 in worst position 25 
meucarpophalangeal joint of the index finger 4 jy Loss Qf tocs一 
all these 3jointsofthc index finger 9 allofo^foot : 20 
21 Loss of middle finger— grcal, both phalanges 8 
Ihrcc phalanges 11 great, one phalanx 4 
two phalanges 8 other than great, for each one toe lost 3 
77—— ： "777；~“~rT7TT7~ 38, Loss of sight of one eye 30 
(a) In force from I.I 1.81. See LN. 209/80. ^ 
39. Loss 01 hcanng of one car 20 
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Table 4.2 
Evaluation of the loss of earning 
capacity - American Medical Association 
t 





RESTRICTED MOTION TABLE 
Average range of FLEXION - EXTENSION = 100 degrees 
Value to total range of joint motion = 100% 
Degrees of 
Joint Motion 
— LOST RETAINED 
Flexion from neutral position (0°) to: 0° 100 0 60% 
10° 90 10 54 
20° 80 20 48 
30° 70 30 42 
40° 60 40 36 
50° 50 50 30 
60° 40 60 24 
70° 30 70 18 
80° 20 80 12 
90° 10 90 6 
100° 0 100 0 
ANKYLOSIS TABLE 










100° (full flexion) 80 
position of function 
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Table 4.2 continue 
UPPER EXTREMITY 
IMPAIRMENT OF IMPAIRMENT OF IMPAIRMENT OF 
Upper WHOLE Upper WHOLE Upper WHOLE 




 35% = 21% 70% = 42% 
1 % = 1 %
 36% = 22% 71% = 43% 
2 % = 1 %




 38% = 23% 73% = 44% 
4 % =




 40% = 24% 75% = 45% 
6， = 4% 41% = 25% 76% = 46% 
7 % = 4 %
 42% = 25% 77% = 46% 
8 % = 5 %
 43% = 26% 78% = 47% 
9 %




 45% = 27% 80% = 48% 
1 1 % = 7 %
 46% = 28% 81% = 49% 
1 2 % = 7 %
 47% = 28% 82% = 49% 
1 3 % = 8 %








 50% = 30% 85% = 51% 
1 6 %
 =
 1 0 %
 51% = 31% 86% = 52% 
1 7 %
 =
 1 0 %
 52% = 31% 87% = 52% 
‘18% = 11% 53% = 32% 88% = 53% 
1 9 %
 = 11宅 54% = 32% 89% = 53% 
20% = 12% 55% = 33% 90% = 54% 
21% = 13% 56% = 34% 91% = 55% 




% 58% = 35% 93% = 56% 
24% = 14% 59% = 35% 94% = 56% 
25% = 15% 60% = 36% 9 5 % = 5 7 % 
26% = 16% 61% = 37% 96% = 58% 
27% = 16% 62% = 37% 97% = 58% 
28% = 17% 63% = 38% 98% = 59% 
29¾ = 17% 64% = 38% 99% = 59% 
30% = 18% 65% = 39% 100% = 60% 
31% = 19% 66% = 40% 
32% = 19% 67% = 40% 
33% = 20% 68% = 41% 
34% = 20% 69% = 41% 
NOTE:Impairment of WHOLE MAN contributed by UPPER EXTREMITY may 


























































































































































































































































































































































































4•6 Control group 
In order to make comparison with the subjects, workers 
from plastic factory and metal factory were tested on their hand 
t 
function. Half of the normal subjects came from special factory 
visits. The rest were collected randomly at a housing estate 
during a health promotion week. The selection criteria were 
similar to the subjects and were listed below : 
-male 
-right hand dominant 
一 No previous injury to any part of the body 
or having any known systemic disease 
-blue collar, currently employed 
The same physical and functional assessment protocol 
was applied. 
4-7 Statistical analysis 
The Student's t-test was applied for all the data in 
parametric scale ( ie grip force, 2-pd, screwing test). 
Comparison between groups and with the normal subjects was done 
with a multiple groups comparison with Bonferroni's modification 
(Godfrey 1986 ) • For repeat assessment after return to work , 
the results were compared with the paired t-test. 
For non-parametric scales ( i.e. the percentage loss of 
earning capacity, W-S test, O'Connor test) , the Mann-Whitney 
42 
test was used to test the difference between the groups. The 
Wilcoxon test was applied for comparison of the result before or 
after return to work. 
The matching of the control group to the subject group 
was always the question raised in assessing the data being used 
for comparison. The two most important factors which might 
affect the validity of the control for comparison purpose were 
age and occupation. The Chi square test was applied to check the 
degree of matching of the subject group and the control group. A 
P value of < 0.05 was taken as significant. 
The supporting computer soft-ware being used in all the 
statistical evaluation was " Minitab •• which was one of the 
reliable and commonly used statistical package. 
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CHAPTER 5 RESULTS 
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From September 1987 to December 1988, a total of 65 
patients were admitted into Prince of Wales Hospital with finger 
amputations. 28 patients fulfilled the selection criteria and 
were included in the study. The other patients were either 
females or had their non-dominant hands injured so that they were 
not included in this study. 
5m2 Subject Characteristics - a General Description 
Age Distr ibution 
The mean age of the injured workers in the study was 37 ( 
range : 26 to 55) . As shown in the following table ( table 5 . 1 
), half of them were between 21 to 35 and a total of 64 % of 
the injured were under 40. The percentage of the 21 - 40 
group fell in the same percentage population group of previous 












All patients were manual workers, the so-called blue 
collar sector. Employment at the time of injury was categorized 
into : carpenter, plastic, metal-worker, machine repairing, 
machine operation, construction and other industrial work.( 
table 5.2 ) The largest proportion of injured workers was came 
from carpenter, plastic and metal worker. The percentage of 
these three groups formed 57.1% of the whole group. The smallest 
percentage ( 7.1% ) was construction site workers. 
Table 5.2 








Among the 28 workers, 17 of them had one finger amputation 
while the other eleven had two fingers amputation. Altogether, 
there were a total of 39 injured fingers in the study. ( table 
5.3 ) Without including thumb amputation, the index and middle 
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5.3 ) Without including thumb amputation, the index and middle 
finger loss compromised the largest group, ie 66.7% whereas the 




severity of finger amputation 
no. of patients got part/or one finger amputated = 17 
no. of patients got more than one finger amputated = 11 
total no. of fingers = 39 
Table 5.4 
Distribution of fingers involved 
% 
Index 33.3 




5.3 Result of individual tests 
Grip Force The result of grip force study was in table 
5.5. The grip force of the injured group was 29.1kg on average 
and the pulp pinch and tripod pinch were 5.4kg and 8.1kg 
respectively• Significant difference was found in all these 
grips when compared to the control. ( appendix 3 ) stump 
pinching was tested as well and the result was compared to the 
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pinch force of the respective intact finger on the uninjured 
side. The percentage difference was 50 % with a range of 0 % to 
100% . � 
Table 5.5 
Result of the grip force on the subjects ( kg ) 
grip force mean ( sd ) range p 
Power grip 21.9 ( 9.4 ) 6.5-45 * 
tripod 8.1 ( 5.5 ) 1 - 1 4 * 
pulp pinch 5.4 ( 3.4 ) 1 - 1 4 * 
* “ significant difference found in the comparison 
with the control 
Total Active Motion ( TAM ) 
The TAM of the injured finger averaged 85% when it was 
compared with the respective finger on the uninjured side of the 
same worker. ( Table 5.6 ) 
Table 5.6 
Result of the TAM in percentage difference with the control 
TAM mean ( sd ) range 
lost of TAM of 85.1 (35.3) 6.9 - 164.2 
the injured 
fingers in % 
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Sensation 
Sensation was tested on the amputation finger. The 2 pd 
averaged 6.5mm and the Weinstein-Semmes monofilament test score 
t 
averaged 2.3. Both are significantly poorer compared to the 
control. ( table 5.7 ) 
Table 5.7 
Result of the sensory study 
t e s t mean (sd) range p 
2-pd 6.5 ( 3.7 ) 4-16 * 
W-s 2.3 1 - 4 * 




The 01 Connor test showed an average score of 4.4 and 
t 
the screw turning test an average 18.4 second for 10 turns. 
Both of them are significantly poorer than the control. ( table 
5.8 ) 
Table 5.8 
Result of the functional assessment 
test median / mean (sd) range p 
01 Connor test 4 / 4 . 4 2 - 7 * 
Screw turning test 18.4 ( 13.1 ) 5 - 54.9 * 
(sec ) 
* - significant difference found in the comparison 
with the control 
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5.4 Assessment of loss of earning capacity 
The average loss of earning capacity according to the 
schedules in Hong Kong ( HK ) , the America Medical Association ( 
t 
AMA ) and India ( IND ) were 12% ( median = 12% ), 14.50 ( 
median 14% ) and 14.11 ( median 11.5% ) respectively. There 
was no significant difference among all three scales at 0.05 
significant level • ( Table 5.9 ) 
Table 5.9 
Percentage lost of total earning capacity evaluated by 
different schedules 
mean ( sd ) median 
Hong Kong 12.3 (7.0 ) 12 
United State (AMA ) 14.5 (10.1) 12 
India 14.1 (9.0 ) 11.5 




Apart from digital amputation, the subjects in this study 
complained of other problems. Problems liked ankylosis, 
t 
instability, pain, and scarring were common. The percentage of 
patient with ankylosis on their injured fingers was 79 %• The 
percentage of patient with instability problem was 25 %• Details 
were listed in table 5.10. In addition, a simple pain self-rating 
score was performed. Details were listed in table 5.11. 
Table 5.10 
Associated injuries / pathologies among the hand injured 
associated injuries no. of patient % 
ankylosis 22 79 
instability 7 25 
scarring 9 32 
Table 5.11 
pain score disturbance 
subject average median min max 
whole group 4.3 4.5 1 7 
52 
5.5 Hand function assessment after return to work 
Of 28 patients, six were lost and 22 of them were re-
assessed at an average eleven months ( range 8 - 10 )• The six 
losses were due to inaccurate addresses or migration to other 
areas. The performance in various tests were recorded and 
comparison of the results with the first assessment was made. 
Details were in table 5.12. The power grasp and pulp pinch 
averaged 22.1 kg and 5.9 kg while the tripod pinch averaged 9.7 
kg. The 2 pd averaged 6.1 mm while the Weinstein-Semmes 
monofilament test score averaged 2. The 01 Connor test showed an 
average score of 4 • 2 and the screw turning test an average 1 7 . 5 
seconds for 10 turns. 
Table 5.12 
Result in the second assessment 
test mean/ median sd 
grip force 
power grasp 22.1 8.7 
pulp pinch 5.9 3.7 
tripod 9.7 4.2 
sensory 
2-pd 6.1 4.8 
w-s 2 
functional test 
01 Connor 4.2 
screw turning test 17.5 12.42 
All the tests in the second assessment showed no significantly 
different results form the first assessment.( paired t-test ) 
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It can be seen from table 5.13 , that the patterns of 
each patient was similar. In fact, the initial phase of 
rehabilitation caused a rapid improvement on grip force. The 
p 
rate of increase then slowed down. Finally, the rate of 
improvement after discharge, as represented by the last two dots 
of each line, further slowed down. 
Table 5.13 
Change of the grip force with time ( 4 subjects A, B, C, D) 
I 
CHANGE ON THE GRIP FORCE 






o ~ 1 ~ ‘ ~ ” ~ i ~ « ~ I ~ I _ I _ I _ I _ I _ I _ I _ I _ I _ I _ < < • • . . . 
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month / year 
• 一 subject A * - subject B « - subject C o ~ subject D 
54 
5.6 Effects of the Severity of Injury 
Major and minor injury subgroups 
' When the patients were arranged according to the HK 
scheme, ( table 5.9 ), the patients could be divided into 2 
groups according to the median of 12 % . In the analysis of the 
effect of the severity of injury on the result of individual 
tests, the 28 subjects were divided into major and minor injury 
groups. 15 patients had 11 major injury " and 13 patients had " 
minor injury " • The percentage loss in earning capacity of the 
major injury group ranged from 12.0% to 25.0%, with an average 
of 17.7% while the minor injury group ranged from 4.0 % to 11.0% 
and averaged 6.1% ( table 5.14 )• 
When results of the tests were compared between the two 
groups, there were significant differences between them in all 
the tests. When compared to the control group, the minor group 
only showed a significant deficiency in power grasp, screw 
turning test and O1Connor test whereas all tests for the major 
group were significantly poorer. ( table 5.15 ) 
The results of the two groups after return to work 
showed a persistent trend of difference between them. In the 
minor group the results were similar to the previous assessment 
showing no change with time. However, several items in the major 
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group showed improvement : power grasp, tripods, screw turning 
test and O'Connor test. ( table 5.16 ) 
Table 5.14 
the major and minor injury groups 
range mean (sd) median 
major injury : 12% 一 25% 17.7 (4.8) 20 
minor injury : 4% - 11% 6.1 (1.7) 6 
significant difference found between these two groups 
Table 5.15 
Effect of the severity of injury on individual tests 
tests major group minor group 
mean (sd) / median mean (sd) / median 
grip force ( kg ) 
power grasp 16.5 ( 5.2) 28.5 ( 9.0 ) * 
t r iP°d 5.17( 3.1) 11.4 ( 4.5 ) * 
PulP 4.6 ( 3.2) 7.0 ( 3.1 ) * 
Stump ( % ) 41.3 ( 37.2) 64.7 (28.7 ) 
sensory study 
2-pd ( mm ) 8.3 ( 4.2 ) 4.5 ( 0.7 ) * 
w""s 2.72 / 2 1.53 / 1 + 
functional assessment 
screw turning(sec) 22.9 ( 15.4 ) 13.1 ( 5.3 ) * 
01 Connor test 3.2 / 3.5 5 .2 /5 + 
* - significant difference found in all tests between the 
two sub-groups ( t- test ) • 
+ - significant difference found in the tests between the 
two subgroups ( Mann-Whitney test )• 
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Table 5.16 
Result of the second assessment in the longitudinal 
study 
tests major group minor group 
• mean (sd) / median mean (sd) / median 
grip force ( kg ) 
power grasp 20.9 ( 11.0 ) * 25.3 ( 6.6 ) 
tripod 7.8 ( 4.3 ) * 11.5 ( 3.6 ) 
PulP 4.0 ( 3.1 ) 8.1 ( 3.0 ) 
sensory study 
2-pd ( mm ) 8.5 ( 4.8 ) 4.5 ( 0.8 ) 
w-s 2 1 
functional assessment 
screw turning(sec) 23.1 ( 16.4 ) * 14.1 ( 21.7 ) 
01 Connor test 4 * 5 
* “ significant difference found between the first and 
second assessments 
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CHAPTER 6 DISCUSSION 
6•1 Introduction 
t 
6.2 Impairment Of Hand Function 
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6.3 The Effect Of Returning To Work 
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Percentage Of Loss Of Earning Capacity | 
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6•1 Introduction 
The aims of this project, as defined in chapter one 
were : 
I . ' To develop of a comprehensive hand assessment 
system 
2 • To compare and correlate the anatomical 
assessment and functional assessments 
3• To compare hand disability rating systems 
I 
4. To assess the effect of returning to work on hand 
function 
In the study , the target group was people suffering 
from digital amputation. The subjects were tested for their grip 
force, sensation and functional assessment. 
6肇2 Impairment of Hand Function in Finger Amputation 
The results showed that finger amputation results in a 
significant impairment of hand function. Among all types of grip 
and pinch tested, power grip was the most significantly affected 
item when compared to the control. The 2-pd and Weinstein-rSemmes 
Monofilament test were also significantly poorer compared to the 
control. And so did the functional tests which were significantly 
poorer than the control. 
Assessment of grip strength was carried out on the power 
grip, pulp pinch and tripod pinch. These grips and pinches are 
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always used in most of the daily activities. There is a 
significant loss of the power grip force especially when the 
index or middle finger is involved. This is in agreement with 
Chao ( 1989 ) who in his model of power grasp analysis showed 
that there is more contribution of grip force by the index and 
middle fingers. The effect of the level of amputation on grip 
force is difficult to analysis. Chao ( 1989 ) also showed that 
the force in power grasp is not evenly distributed among 
different phalanges. The tip ( distal phalanx ) gives the highest 
contribution to the power grasp, followed by the proximal 
phalanx. Such a finding will partly explain the significant loss 
of grip force even in finger tip amputation. Similarly, when 
there is multiple fingers involvement there is a higher loss in 
power grip force. 
The pinch force is defined in this study as the 
pinching force between the thumb and either one of the lateral 
two fingers. This definition of the pulp pinch has a functional 
implication. There will be a marked loss in pinch force if the 
index finger was involved whereas there will not be any 
measurable change if the ring finger was involved instead. Thus 
pinch force gives us information about the prehensile side of the 
hand. This information is not known when only anatomical loss is 
considered. 
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In the study, reduction in the tripod pinch force was 
not as significant as the reduction of other grip force • This 
observation will substantiate the » multi-joint effort “ when 
t 
three digits join in forming the tripod pinch and makes it better 
adapted and compensated to amputation than pinching in a single 
finger, hence less weakened. Uninjured fingers participating in 
the tripod pinch compensate shortness or stiffness in the 
injured fingers resulting in better bio-mechanical efficiency. 
Careful analysis of this multi-joint effort was beyond the scope 
of this study. 
The loss of fine sensibility affects the final 
outcome of fine manipulation and dexterity. The relationship was 
well documented by Omer ( 1974 ) and Dellon ( 1978, 1980 ) • 
There is a significant reduction in fine manipulation when 2-pd 
is greater than 15 mm. Wrestling ( 1984 ) also stressed the 
importance of sensation to the grip force. He suggested that the 
hand requires the pressure feedback to tell itself how much force 
needs to be exerted to grasp an object firm enough with the 
finger tips. Such a relationship is the result of the close 
interplay of sensory mechanism, related to explorative functions 
of the fingers and the motor mechanism. Anesthesia of the finger 
tips abolishes the capacity to adjust the grip force with 
precision. Loss of sensibility among the injured digits will 
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result in a loss of the interplay of sensory mechanisms and hence 
hand function is affected. 
‘ The significant difference in the functional 
assessment test between the subjects and the control group 
indicates that dexterity and fine manipulative skill are impaired 
after finger amputation. Further significant difference in these 
tests between the more severely injured ( > 12 % Hong Kong schema 
)and the lesser injured further supports that impairment of 
dexterity and fine manipulative skills are related to severity of 
injury. 
The key to fine manipulative skill and dexterity is 
the ability of the finger to " undergo reciprocal angular 
displacement between the interphalangeal joints and the 
metacarpophalangeal joint “ ( Chao 1989 ) • Synchronous movements 
of the phalanges on flexion and extension occur with a ratio of 
2 : 1 between the proximal interphalangeal joint and the distal 
interphalangeal joint and is an important factor in this 
reciprocal movement ( Linscheid et al, 1989 )• Such a 
synchronous movement is brought about by the extensor tendon 
which is applied over the dorsum of the metacarpophalangeal joint 
and inserted onto the dorsal lip of the middle phalanx. The loss 
of the distal phalanx and any interphalangeal joint therefore 
partly explains the loss in dexterity and fine manipulative skill 
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after amputation. 
Furthermore, functional assessment tests demand normal 
t 
function of the intrinsic muscles. In fact the intrinsic muscles 
provide a rapid sequential positioning of finger tip with 
reciprocal angulation occurring between the metacarpophalangeal 
joint and the interphalangeal joints ( Linscheid 1989 )• 
Disturbance on the intrinsic muscle insertions into the dorsal 
expansion of fingers resulting from amputation may lead to 
impairment of this function. This also has reciprocal effects in 
the other uninjured fingers. It is believed that the uninjured 
fingers will adapt to new functional demands by developing a new 
synchronous muscular activity. The exact mechanism is not fully 
known yet. This is a vast topic for further studies to explain. 
6.3 The Effects of Returning to Work 
A following study on any change of hand function with 
time after hand injury was one of the primary aims of this 
project. There is no previous report on this aspect. 
Of 28 patients, 22 returned for a follow up assessment. 
The time interval after return to work ranged from 8 months to 16 
months ( average 11 months )• This duration was long enough for 
any change in hand function to occur and the injured hand would 
have adapted to most activities of daily living. 
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Significant improvement in both the power grasp and 
tripod pinch is seen in the major injury group during the second 
assessment. Similar improvement was found in the screw turning 
test as well. 
When grip force is plotted against time in a graph ( 
table 5.12 ), the initial change of grip force was at a fast 
rate. This phase correlated to the active tissue healing phase 
and intensive rehabilitation programme. However the rate of 
recovery is much slower during the later phase even after return 
to work. This may be explained by a gradual adaptation of the 
hand with more active use and the return to employment acts as a 
kind of continual training. The minor injury group lacked such 
a change and showed no alternation with time. It may be when the 
injury is minor the hand adapt more easily. 
Gruneberg ( 1974 ) stated the following factors which 
delay the patient1 s ability to return to work : stiff fingers and 
multiple amputation. These factors are supported in the present 
study. The significance of our observation is that more severe 
injuries probably require a much longer period of rehabilitation 
and also vocational training and the current rehabilitation 
protocols may be inadequate. Equally be true that working in a 
workplace is a very effective way and may be more practical way 
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o f r e h a b i l i t a t i n g h a n d i m p a i r m e n t s . Incorporation of work 
h a r d e n i n g and vocational training is definitely important in the 
rehabilitation of the patients. 
6.4 Official Schema for Assessment of Percentage Loss of 
Earning Capacity 
The assessment of the severity of loss of earning 
capacity in Hong Kong was based on the level of amputation and 
the extent of ankylosis. It is carried out for every work related 
injury which results in more than three days of sick leave. 
Compensation would be calculated according to a table • This 
method was claimed to be readily reproducible and objective 
enough for repetitive use. This is largely true since the level 
of amputation and the degree of ankylosis remains to be 
relatively unchanged. This works well for amputations as it is 
reflected in this study which showed some correlation between the 
percentage loss with the degree of impairment of hand function. 
It also explains the apparent lack of difference between the Hong 
Kong schema and the India or USA ones, which have much more 
considerations on functional assessment. It is expected that for 
more complex injuries the current schema in Hong Kong will fail 
badly. This is an area for future studies to look into. 
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6-5 Severity of Injury and the Outcome 
It is observed that for injury equal to or greater than 
12 % loss of earning capacity according to the Hong Kong schema, 
there is greater impairment• This figure may therefore be put 
forward as a distinction between more serious and less serious 
injuries, as far as finger amputation is concerned. 
If we took a closer look into the meaning of the 12 % 
loss of earning capacity according to the schema of Hong Kong, it 
represents a few possibilities : 
(1 ) the lost of the entire Index or Middle finger ( 11% - 14 % 
)together with ankylosis or scarring in one or two remaining 
fingers, 
(2 ) any two finger amputations at the proximal interphalangeal 
joint plus some other ankylosis or scarring, 
(3 ) more than one digit amputation plus some other significant 
associated problem. 
Significant impairment of hand function is expected in 
this group of patients. This number - 12 % loss of earning 
capacity in the Hong Kong schema - can be used as a baseline to 
screen out patients with more severe injury. We would like to 
recommend this method to the rehabilitation personnel to look out 
for patients who would require more attention for the design of 
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long term follow up and a more comprehensive work rehabilitation 
program• 
6-6 Hand Assessment Protocol 
Development of the hand assessment protocol 
The principles of the hand assessment protocol used 
in this study were based on recommendation made by many 
researchers who proposed different models for hand assessment. 
These were summarized in chapter two and three. The procotol 
used in this study consists of three parameters : grip force, 
sensation and functional performance. These parameters are 
essential to the assessment of residual hand function. The 
protocol is comprehensive and yet is kept to be as simple as 
possible, although without jeopardizing the reliability and 
reproducibility. Standardization of all the tests being used in 
this study was carried out on normal workers. ( appendix 5 ) We 
recommend this protocol to other hospitals in Hong Kong for the 
assessment of finger amputation. Similar hand assessment 
protocols can be set up for other hand injuries. 
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CHAPTER 7 CONCLUSION 
6 8 
In this study, a comprehensive, sensitive but simple 
assessment protocol was compiled to test on patients suffering 
from finger amputation. In the assessment protocol, standardised 
t 
tests for grip forces, sensation and fine manipulative skills 
were put together. 
A highly selected group of twenty-eight male patients 
with finger amputations in their right dominant hand were 
studied. All the test results showed that there was a significant 
impairment in hand function compared with the control group which 
was formed by a match group of eighty-two normal workers. This 
is particularly obvious for grip force and fine manipulative 
skill. 
Further analysis of the results was achieved by dividing 
the patients into two groups taking 12 % loss in earning capacity 
in Hong Kong schema as the dividing line. There was a significant 
loss of functional performance in all tests in the major injury 
group ( greater than 12 % loss in earning capacity ) • The 
figure of 12 % loss of earning capacity ( HK. schema ) could be 
put forward as a guide line to identify those patients who would 
require more attention in rehabilitation and a longer follow up. 
Change of hand function with time was shown in the 
more severely injured particularly in the grip force and fine 
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manipulative skill. This finding implies that with time the 
injured hand will become more adapted to daily activities. This 
is a lengthy process and rehabilitation programme should take 
t 
this into consideration. The importance of starting a service 
in providing follow up assistance in Hong Kong is recognised. 
Further studies could be directed along three lines : 
On the biomechanical aspect, changes in the intrinsic tendon 
mechanism after finger amputation requires a deeper look. 
On the clinical aspect, a broader spectrum of hand injuries 
could be studied on the relationship between the severity of 
injury and the degree of impairment, and to see if any particular 
pattern of impairment could be recognisable for certain pattern 
of injuries. 
Finally on the medico-social aspect, an investigation into 
the employability of the patients could be carried out to 
identify relevant contribution factors, and the precise role of 
physical impairment. 
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Appendix 1 
STRICKLAND HTQITAL SCORING SYSTEM 
Skin and subcutaneous tissue 
No involvement • 
Simple laceration 1 
Compound laceration 2 
Extensive involvement ( requiring graft or flap ) 3 
Bone (stability) 
No involvement 0 
simple undisplaced fracture 1 
displaced fracture without communication 2 
displaced fracture with comminution 3 
Joint ( motion ) 
No involvement 0 
mild crush or adjacent undisplaced fracture 1 
moderate crush or adjacent displaced fracture 2 
severe crush or articular fracture 3 
Tendon ( motion ) 
one tendon repairment 1 
two tendon, one of both repairment 2 
two tendon irreparable 3 
Nerve ( sensation ) 
no involvment 0 
one nerve repairment 1 
both nerves repairment 2 
one or both nerve irreparable 3 
Vessel ( circulation ) 
no involvement 0 
single artery repairment 1 
both arteries, one or both repairable 2 
both arteries irreparable 3 
A digit with a score of 10 or greater should be strongly 
considered for amputation rather than attempted salvage. 
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appendix 2 
HAND ASSES^MFNT Serial No : 
Name : 
Occupation:_ Sex/Age : 一 
Occupation after D/C: ID NO : 
Date of return to work: SHC NO : 
Date of assessment -MBA : Date : 
Diagnosis : 
Involved hand : 





B) Physical examination 
level of amputation 
thumb index middle ring little 
ROM. Active / Passive 


































screw turning test 




The result of functional assessment of hand in 82 normal male 
workers 
In order to compare with the subjects of occupational hand 
injuries, a survey had been carried out to test on normal 
workers in various occupations. A total of 120 healthy workers 
was assessed. After careful examination of their result, some of 
them were excluded because of failure in completing all the tests 
or too old or young of their age. Altogether, 82 healthy 
workers were collected as the control group in the study. 
The occupations of the control group were listed in table l. 
Most of them came from manufacturing industry, e.g. plastics, 
textile and metal work. The percentage of workers in the 
control group of these industries was 46.3% • The least number 
of subjects in the control group were those coming from machinery 
work like repairing and machine operation. ( table 1 ) The Chi 
square test was performed to check if the injured group in the 
study and the control group were comparable. The result showing 
that, the difference between the two group was not significant 
at 0.05 level of confidence as far as occupation among the 
subjects was concerned. 
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table 1 
distribution of occupation of the injured and control 
t 
occupation injured control 
carpenter 6 8 
manufacturing 10 38 
construction 2 16 
machinery 5 5 
others 5 1 6 
DF=4, 0.5>p>0.1 
The age was another important factor affecting the validity 
of the normal subject to act as a control group to the hand 
injury worker. The average age in control group was 37.9 ( sd = 
6.6 )• Detail of the distribution in different age groups was 
charted in table 2 • Again, Chi Square test was performed to 
test on the two groups. As a matter of fact, these two groups 
were not significant difference in the age distribution with 0.05 
level of confidence. ( table 2 ) 
As a result, the control group which formed by 82 normal 
workers was suitable to act as the control to the hand injured 
workers. The result of their hand function assessment can be put 
forward to compare with the hand injured group so that the 
difference between them should give us the amount of lost of hand 
function of the injured workers. The results of all the tests in 
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age injured control 
26-30 8 10 
31-35 6 24 
36-40 4 21 
41-45 4 15 
46-50 3 9 
51-55 3 3 
DF=5, 0.5>p>0.1 
Table 3 
Result of the individual tests in the control group 
test mean ( sd ) 
grip force (kg) 
power grasp 42.3 ( 5.8 ) 
pulp pinch 9.7 ( 3.5 ) 
tripod pinch 11.8 ( 3.2 ) 
sensory test 
2 pd (mm) 3.9 ( 1.4 ) 
w-s test (score) 4.9 
functional test 
screw tightening (sec) 9.2 ( 5.3 ) 
01conor test (score) 5.5 
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Preston dynamometer was used in this project and the 
convenience in standardisation of the diameter of the handle was 
always 'the advantage of this equipment. The result with the used 
of the Preston dynamometer was different from the results of 
Swanson and Chao. ( table 4 ) The difference was that the 
power grip force produced by our subjects was smaller. It was 
probably true that orientals had smaller grip force and it was 
related to the body build of the orientals. On the other hand 
the pulp pinch result was just reversed. Such a difference could 
be an effect of the difference in the equipment used, the size 
of the handles and the difference in the way of taking the 
reading. 
table 4 
results of the hand power grasp from various studies(kg) 
Swanson Chao Local 
Power grip 47 40 42 
pinch grip 8.5 7 9.7 
The result of the sensation assessment was very much the 
same with the result of other studies run either by the 
commercial firm where the standardised equipment was manufactured 
or by researchers. ( Dellon 1980 , Hunter 1978 , Omer 1974 ) 
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For the two point discrimination test, the average was 3.9 mm in 
the control group. For the result of the w-s test, the result 
gave a score of 1 among the normal average workers. 
t 
The screw tightening test had no reference since it was a 
locally domestically designed equipment. The result of the 82 
patients facilitated the normative data to serve as the control 
to the injured group. The average performance among 82 workers 
was 9.2 seconds. For the 0丨Conor test , it has the standardised 
procedures and normative figures for comparison from the 
manufacturer. The result of our 82 subjects served as the 







no of patients =28 
Sex : male 
Injured side : right hand 
Dominant hand : right 
Age : range from 26-55 
mean : 36.8 (8.4) 
Occupation : carpenter 6 
plastic factory worker 5 
metal factory worker 5 
machine repairing 3 
moulding machine operator 2 
construction site worker 2 
other 5 
total 28 
Injured pattern : 
total no. of fingers amputated : 3 6 
no. of patients got part/or one finger amputated = 20 
no. of patients got more than one finger amputated = 8 
stump phalanges lost : 
one finger(s) one phalanx(ges) = 9 
one two = io 
one three = 2 
two two = 2 
two three = 2 
two four = 3 
Total =28 
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No of individual finger involved in hand injury 
no % 
Index 12 33.3 
‘ Middle 12 33.3 
Ring 10 27.8 
Little 2 5.6 
Total 36 100.0 
total no. of phalanges got amputated = 57 
only one phalanx amputated =9 
patients with 2 phalanges amputated =12 
patients with 3 phalanges amputated =4 
patients with more than 4 phalanges amputated =3 
Lost of hand function in percentage 
Percentage lost of hand function to whole body 
mean (st.dev) median 
HK 12.32 (7.00) 12 
USA 14.50 (10.07) 12 
INDIA 14.11 (8.99) 11.5 
If 12% lost of hand function was assigned as the cut off 
point for major injury and minor injury arbitarily, then 
Major injury : > or = 12% 
Minor injury : < 12% 
No of patient suffered from major injury : 15 
No of patient suffered from minor injury : 13 
major injury : range from 12% to 25% 
mean (sd) = 17.73% (4.75) 
median = 20 
minor injury : range from 4% to 12% 
mean (sd) = 6.08% (l.69) 
median = 6 
-difference in percentage lost of hand function between 
major and minor hand injury was significant statistically 
at 0.05 significant level ( Mann-whitney test )• 
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Remark : The group of patients in the study represented a large 
range of various finger amputation patients in daily admission 
from simple finger tip amputation to severe hand injured with 
more than two fingers involvement. The mean percentage lost of 
hand function was 12%. This group of patients can be divided into 
the major injured and minor injured for better homogenous 
characteristics in later comparison. This division therefore 
could give us more information of the residual hand function and 
working capacity. Hence , the differences in re-employment and 
productivity between those suffered form simple cut injury and 
severe crush injury were better known. 
PART II 
GRIP FORCE STUDY 
1) Power grip : 
Number of patient can follow the standard power grasp : 
2 8 
-measurement: 
mean = 21.9kg sd=9.4kg min=6.5kg max=45kg 
-difference between Injury and non-injury 
：mean 12.23kg ( 13.03 ) 
paired-t = 4.9 , p < 0.001 
- i f 42 kg( 5.8) is the average power grasp of the 
diminant side of male workers in Hong Kong then the 
mean percent of residual hand power grip 
=52% 
mean lost of power = 20.05 kg 
t= 11.04 p<0.001 
lost of power grasp is significant 
For the sub-group of major injury 
mean power = 16.5kg (5.17) 
mean percentage lost in power = 60.71% 
For the sub-group of minor injury 
mean power = 28.46kg (9.03) 
mean percentage lost in power = 32.20% 
difference between the two group. t = 3.04 p<0.017 
mean difference between major and control t = 19.3 
mean difference between minor and control t = 5.53 
lost in power between major and minor is significant 
lost in major group when compared with normal is 
significant 
lost in minor when compared with normal is significant 
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2) Pinching : 
No of patient performed pincer with Thumb and Index 
：24 
No of patient performed pincer with Thumb and middle 
：4 
mean = 5.4kg sd=3.4kg min=lkg max=14kg 
Comparison of the pincer between L and R hand 
lost of pincer : 
mean = 3.95kg 
t = 6.13 p<0.001 
norm for pincer : 9.67 kg ( 3.2) 
% lost of R hand pinching compared with normal 
For the whole group mean lost = 41% 
For the sub-group of major injury : 
mean pinching : 4.61kg (3.17) 
mean percentage lost : 52.3% 
For the sub-group of minor injury : 
mean pinching : 7.00kg (3.08) 
mean percentage lost : 27.6% 
difference between the two group t = 2.02 p<0.017 
difference between the major and control t = 6.18 
difference between the minor and control t = 3•13 
significant difference between major and minor 
group in pincer 
3) Stump pinching : 
lost of stump pinching power when compared with normal 
respective finger pinching 
mean - 50% of the normal individual finger 
pinch 
difference between L and R finger 
mean lost of stump = 3.08kg ( 2.85 ) 
paired-t = 5.2, P < 0.001 
n=24 
4) Tripod pinching 
Tripod defined as the lateral three fingers pinching 
Average tripod pinch force : 8.07 ( 5.52 ) 
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Mean difference of the L and R tripod 3.43kg (5.33) 
t= 3.4, p<0.002 
Percentage of R to L tripod = mean 71% (8.3) 
norm = 11.8kg (3.2) 
For the sub-group of major injury 
mean power = 5.17 kg ( 3.14 ) 
mean lost of percentage = 56.2% 
For the sub-group of minor injury 
mean power = 11.4 kg ( 4.5 ) 
mean lost of percentage = 3.2% 
mean difference between maj or and minor t = 3.49 
p<0.017 
mean difference between major and control t = 8•18 
mean difference between minor and control t = 0.34 
difference between major and minor group is significant 
difference between major and control is significant 
difference between minor and control is not significant 
Remark : The lost of power gave a large range in percentage 
lost in the group of subjects. With the mean lost of power grasp, 
pincer and tripods went up to around 50% lost when compared to 
the left hand and norm, it gave us an impression that the lost 
in hand strength was a significant factor in the assessment of 
hand function lost. The strength lost which was significant was 
further confirmed by statistical analysis. The comparison 
between the major and minor injured provided the information that 
those suffered from severe injury will have the lost of hand 
strength up to 55-80% whereas the minor injured only gave a 
thirty something lost in percentage. Furthermore, their 
difference reflected by the t-test was significant in all the 
hand grip except pincer. 
PART III 
SENSORY STUDY 
1) Two point discrimination Mean 6.54mm (3.71) 
range 4mm to 16mm 
normal = 3.9mm ( 1.4 ) 
difference between stump and normal 2-pd 
t=3.62 
p<0.001 
difference between norm and stump was significant 
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major group : mean = 8.27 (4.22) 
minor group : mean = 4.53 (0.74) 
mean difference between major and minor injury t = 3.37 
p<0.017 
mean difference between major and control t = 4.05 
me'an difference between minor and control t = 3.09 
difference between major and minor injury group was 
significant 
2) Weinstain-Stammen ( w-s) 
median 2 
range 1 to 4 
major group : mean = 2.72 (0.79) median = 2 
minor group : mean = 1.53 (0.51) median = 1 
difference between major and minor group was 
significant with the Mann-whitney test 
Remark: In the 2-pd discrimination test, normal subjects will 
give a figure of 4 mm or even less. In our subjects, the mean 
went up to around 6.5 miti and statistically, the different between 
norm and subjects was significant. Further increase in 2-pd in 
the major injury group and statistically there is significant 
difference between major and minor injury group. Similar result 
was found in W-s test. 
PART IV 
Functional assessment 
01 cornor Test injured hand mean score 4.4 (1.5) 
(score ) non-injury hand mean score 5.3 (1.2) 
difference between them was significant 
with Mann-Whitney test 
score for average skilled worker = 4.9 
comparison was made between injured 
and normal worker 
significant difference found between 
normal and subjects 
major group : mean = 3.5 (1.0) 
median = 4 
minor group : mean = 5.2 (1.4) 
median = 5 
diff between major and minor injury 
group was significant with Mann-
whitney test at 0.05 significant level. 
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Screwing test(sec) Diff between injured hand and non-
injury hand 
mean = 8.27 (12.49) 
t=3.5 p<0.002 
/ if 9.2 ( 5.3 ) is the norm for R hand 
in average male adult 
difference between injured and the norm 
was significant 
： t = 3.36 p < 0.001 
major group : mean = 22.96 (15.94) 
minor group : mean = 13.14 (5.23) 
t = 1.79 p<0.017 
mean difference between major and control t = 8.18 
mean difference between minor and control t = 0.34 
diff. between major and minor group was significant 
difference between major and control was significant 
difference between minor and control was not 
significant 
Remark : The difference between injured group and normal 
worker was small in 01conor test and there was no significant 
different between these two group of subjects statistically. 
However, the different between major and minor injury group 
gave a significant difference. In screwing test, significant 
differences were found in all the analysis. 
PART V LONGITUDINAL STUDY 
-22 patients out of 2 8 were re-assessed at the time of 8 
months to 16 months. ( mean = 11.1 mths, sd = 2.2 mths ) 
-power grasp study 
difference in power between the measurements at two 
different assessments 
power grasp (kg) n=22 
major gp mean = 20.09 sd = 11.04 
mean diff = 4.591, sd = 7.26 
t-test t=2.1 p<0.05 
minor gp mean = 25.27 sd=6.63 
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mean diff = 3.182 sd=l.19 
t-test t=0.89 p>0.05 
no significant diff. between the 2 assessments, 
in the minor injury group but there was significant 
difference between the two assessment in the major 
injury group 
pincer (kg) 
major group mean = 4.04 sd=3.06 
mean diff.= 0.009 sd=0.438 
t= 0.007 p>0.05 
minor group mean = 8.14 sd=2.96 
mean diff = 1.59 sd=4.32 
t=1.22 p>0.05 
no significant difference between two assessments 
in the major group and minor group. 
tripod (kg) 
mean = 9.66 sd = 4.2 
paired t-test : t=l.76 
p<0.05 
mean diff 1.98kg(5.5) 
major group : mean = 7.81kg sd = 4.28kg 
mean diff=3.32kg sd=3.12kg 
t=3.53 p<0.05 
minor group : mean = 11.5kg sd=3.63kg 
mean diff = 1.182 sd = 6.2 6 
t=0.63 p>0.5 
significant diff. between two assessment 
in major group but not in minor group 
sensation 
2-pd major injury 
mean : 8.5 ( 4.76 ) 
min : 4 mm 
max : 17 mm 
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minor injury 
mean : 4.5 ( 0•82 ) 
min : 4 mm 
max : 6 mm 
diff between major and minor group 
' =2.75 
diff between the two assessment 




median : 2 
min : 2 
max : 4 
minor injury 
median : 1 
min : 1 
max : 3 
no significant diff. with Wilcoxon test 
between the two assessment at 0.05 significant 
level 
no significant difference found in W-s test 
and 2-pd test 
functional assessment 
01 Conor Test 
major injury : median = 4 
min = 2 
max = 7.5 
no significant difference found in the 
major injury gp 
minor injury : median = 5 
min = 3.5 
max = 8 
median = 2 
no significant difference 
with wilcoxon test in minor injury group 
screwing test 
major injury : mean 23.1 ( 16.4 ) 
min = 5.8 
max = 52.2 
minor injury : mean = 20.1 ( 21.7 ) 
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min = 6.2 
max = 22.1 
diff. between major and minor group 
t = 0 .89 
major group : paired t-test : t=1.77 
p<0.05 
significant diff. found in major group only for the 
screwing test but no significant difference found in other 
test or in minor injury group 
Remark : Most of the test items gave no statistical difference 
between the assessments done at the time of discharge and the 
follow-up at 6 to 16 months time except the grip force study and 
functional assessment in major injury group • Both of them gave 
a significant difference between the two assessments. 
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Illustration 1. 
Sensimometer for the assessment of two point discrimination 
-one of the most popular use equipment for two point 
discrimination test. Noted that the equipment is calibrated and 




一 a series of 20 calibrated nylon monofilament utilized in the 





Monofilaments of different diameters 
- t he difference in diameter was to monitor the amount of 




01 Connor test equipment 
一 a timed test which consists of a shallow pin trough below which 
are 100 holes. The objects are asked to pick up three pins at 
one tinfe and put them in the hole. 
9 4 
I l l u s t r a t i o n 5 . 
Screw turning test equipment 
-domestical design equipment for testing the performance in 
screw turning with fingers. 
t 
9 5 
I l l u s t r a t i o n 6 . 
Example of an injured hand _ subject 2 
9 6 
I l l u s t r a t i o n 7 . 
Example of an injured hand - subject 3 
9 7 
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